Abstract. We estimate the long-range atmospheric transport of elemental mercury in the Northern Hemisphere and present new 
between investigated element and sulfur dioxide SO2 (Stoiber et al., 1987; Andres et al., 1998; Halmer et al., 2002) . For active volcanoes the Hg/SO2 ratios of 10 −4 , 10 −4 -10 −6 and 10 −6 -10 −7 for ash rich plumes in the active period (Ferrara et al., 2000; Nriagu and Becker, 2003; Pyle and Mather, 2003; Bagnato et al., 2009a) . Usually, emissions of an element during the period of the eruption can be assessed based on a ratio of concentrations between investigated element and sulfur dioxide SO2 (Stoiber et al., 1987; Andres et al., 1998; Halmer et al., 2002) .
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A lot of questions about the volcanic origin of other elements are still remained (Hinkley et al., 1997) , although there are almost no questions about the volcanic origin of mercury's (Nriagu et al., 2003; Pyle et al., 2003) . However, both before the eruption of the volcano and at the end of the active phase of the eruption, through the cracks in the Earth's crust an active process of degassing (escape of large amounts of gases at the high temperature on the surface) is occurred. In particular, the mercury concentration measured near the mud volcanoes on the Kamchatka Peninsula (Russia) is amounted within a range from 5-10 7.5x10 -5 to 2x10 -3 g l -1 of the condensate (Ozerova et al., 1988) . Research conducted from 1991 to 1995 in the area of the Etna volcano showed that during the eruption the atmospheric concentrations of elements such as Bi, Cu, Cd, Sn and Zn had increased (Gauthier et al., 1998) . Collected samples of magma showed that the concentrations of Hg and Bi are approximately equal. Hence, the ratio of these elements can be used for forecasting. Taking into account that the ratio of Bi/SO2 concentrations is in a range from 10 −6 to 10 −4 it can be assumed that the ratio of Hg/SO2 will be also in the same range. Annual contribution
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of Bi is about 37 t year -1 during active phases of eruptions, and it is about 5 t year -1 during degassing (Gauthier et al., 1998) .
Main discussions about emissions during eruptions are focused on amounts of emissions that are produced by each particular volcano (Mather et al., 2003) , and in which ratio the mercury in a gas phase with respect to mercury deposited on aerosol particles in the same volume is observed.
A usage of data retrieved from natural deposition of mercury in peat bogs or ice cores samples (Roos-Barraclough et al., 2002) 20 or measurements of mercury concentration in a gas phase during volcanic eruption (Temme et al., 2003) can provide more accurate information about mercury flux into the atmosphere. ( Temme et al. 2003) to test this assumption the modeling calculations were carried out. The backward trajectories were calculated for selected events with elevated mercury concentrations registered in the surface layer of the atmosphere.
The aim of this study is to provide an analysis of long-term gas-phase mercury concentrations in the Arctic observation site, (Pankratov et al., 2008) . It is located on the shore of the Kara Sea and close to the Arctic border between Europe and Asia (Fig 1) .
To conduct long-term continuous measurements of mercury concentration in the Arctic atmosphere, the Tekran Instruments Corporation (Toronto, Canada, http://www.tekran.com) developed the cold vapor atomic fluorescence spectrometer. This
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device is a mercury vapor analyzer «Tekran 2537A» capable of measurements at pg level. This analyzer was chosen as the primary instrument used for continuous measurements of mercury at all polar stations, including Amderma (Steffen, et al., 2005) . Since 2005 measurements have been carried out with a time interval of 30 minutes. The monitoring has demonstrated that the background concentrations of elemental mercury in the surface layer in the Russian Arctic (1.5 ± 0.4 ng m -3 ) are similar to the global background -1.5 -1.7 ng m -3 -in the Northern Hemisphere (Steffen, et al., 2008) . The atmospheric mercury 40 depletion events (AMDEs) were observed at Amderma each year too. During the depletion of atmospheric mercury, the mean mercury concentrations usually decrease below 1 ng m -3 and with significant variability (Konoplev et al., 2005 The polar station of Amderma as a monitoring point was chosen to assess the flux of mercury and POPs to the ecosystem of the Russian Arctic (Pankratov et al., 2010 (Pankratov et al., ). A long-term (2001 (Pankratov et al., -2013 time series of obtained atmospheric mercury concentrations are shown in Fig. 2. 
HYSPLIT trajectory modelling
Backward trajectory modeling is a widely used tool to assess the potential of atmospheric transport from different geographical 5 locations where natural or anthropogenic sources of mercury may be present. Determination of air parcels spatial positions in the atmosphere during such movements may allow the identification of potential paths and regions where pollution can be found and how it is related to potential sources (Mahura at al., 2009). The accuracy of calculation of the trajectory is generally of the order of 20% of the travel distance, although in some cases the ratio may be even higher (Stohl et al., 1998) . In our study, Draxler et al., 2003; Rolph et al., 2003) . To manage the process of trajectory modeling the meteorological gridded dataset (http://dss.ucar.edu/pub/reanalysis; NCEP / NCAR global Present -1948) was used (Kalnay at al., 1996) . Each trajectory was calculated for cases with elevated concentrations of mercury at the polar station Amderma. For simplicity, only three trajectories arriving at the measurement site at levels 500, and 3000 m asl
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were calculated backward in time up to 120 hours (i.e. 5 days), while using the modeled vertical motion method. Due to the fact that there is a difference of 4 hours between the Amderma local standard time (LST) and Coordinated Universal Time (UTC) provided in dataset and model, all trajectories were calculated on a corrected time in order to match the corresponding measurements at LST. Then all trajectories were attributed in to sectors according to pathway of atmospheric transport.
Result and discussions
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General features of mercury concentrations in Amderma
During the 15-year observation period since 2001 the analyzer "Tekran 2537A" was located at three points at different distances (from 8.9 to 0.2 km) from the coast of the Kara Sea. It is necessary to note that this experiment in practice of heavy metals monitoring in surface layer of the atmosphere at the Russian polar station Amderma was carried out for the first time (Pankratov, 2015) .
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Analysis of the data measured at the Site № 1 showed that during 2001-2004 the average mercury concentration was 1.65±1.91 ng m -3 (the maximum value was 75.5 ng m -3 and the minimum value was 0.1 ng m -3 , which is the detection limit of the Tekran Instrument) (see Fig. 2 , A-C). The results obtained suggest that Site № 1 located on the border of the region (about 9 km from the coast of the Kara Sea (see Fig. 5 , A-C)), where mercury depletion events occur less intensively compared to the points near the coastal zone of the Arctic seas (monitoring Sites № 2 and № 3 (see Fig. 2 , C-F)). To identify cases where for a long time . During this period of time the average mercury concentration was decreasing ( Fig. 2 , E-F).
Seasonal variability of mercury
Analysis of long-term monitoring data showed that during 2001-2013 the mean concentration of atmospheric mercury was and Ny-Ålesund, Norway). In addition, a similar behavior was also observed in 2011 during eruption of the other Icelandic volcano -Grimsvötn (Fig. 1 ).
For the overall observation period of measurements a negative trend (-0.35 ng m -3
) was obtained (Fig. 3,b) . However, for the last 3 years a significant positive dynamics and its high variability in surface layer were identified ( However, during the cases with volcanic activity, the corresponding trend is the opposite (Fig. 4b,c ; and 12 May 2010 14 UTC -2.06 ng m -3 ) (as seen in Fig. 5a ). 
Grímsvötn
The elevation of the Grímsvötn volcano is about 1725 m asl, and the length of the caldera is about 2 km. Grímsvötn eruption began on 21 May 2011 (17 UTC), and at 21 UTC the volcanic ash released had reached a height of about 20 km according to observations of the Icelandic Met Office. The plume was transported over Europe and Russia (Kerminen et al. 2011 , Tesche et al. 2012 , Moxnes et al. 2014 ).
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From 23 till 25 May 2011 the volcanic ash aerosol fraction passed over the Yugor Peninsula and the northern territories of the Polar Urals within the boundary layer, and continued moving in north-eastern direction. Note, there are no local mercury sources (industrial facilities) in the area, and hence, the elevated concentrations could be a result of volcano eruption followed by atmospheric transport toward the studied region of Amderma. June 2011 (see Fig. 5b ).
It should be noted that period of June-July 2011 could be considered as a period with a frequent occurrence of the AMDEs events (Pankratov et al., 2010) . However, the registration of high concentrations of mercury during the polar spring time shows that it can be associated with receiving of large amounts of mercury from a strong source, which in our case could be a volcano 10 in an active phase of eruption.
Trajectory analysis connecting the volcanic activity and observation
Analysis of the calculated backward trajectories showed that, indeed, the eruption of the volcano Eyjafjallajökull could Grímsvötn. For the case of 23 rd Jun (17:00 UTC) the atmospheric flow with mercury is in gas phase, moving above the Novaya Zemlya Archipelago, arrived to the Yugor Peninsula from the north-east direction (similar to the Met Office UK calculations).
Based on this assumption, it can be assumed that volcanoes are the large natural sources of mercury as during the active phase of the eruption, and possibly also during degassing, when there is no intense emission of volcanic species. Considering that the active volcanoes such as Eyjafjallajökull and Grímsvötn are main sources of mercury in the Northern Hemisphere, the intake
35
of Hg in the Arctic ecosystems can be calculated using mercury concentration measurement data following the period of the eruption. Moreover, some upcoming works (Sönke et al., 2016) shows that a lot of mercury is transported to the Arctic via rivers in water soluble form.
Conclusions
The annual average concentration of mercury decreased from 1.67 ± 0.3 (2001) 
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